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Abstract
Experimentally observed ground state band based on the 1/2−[521] Nilsson state and the first
exited band based on the 7/2−[514] Nilsson state of the odd-Z nucleus 255Lr are studied by the
cranked shell model (CSM) with the paring correlations treated by the particle-number-conserving
(PNC) method. This is the first time the detailed theoretical investigations are performed on
these rotational bands. Both experimental kinematic and dynamic moments of inertia (J (1) and
J (2)) versus rotational frequency are reproduced quite well by the PNC-CSM calculations. By
comparing the theoretical kinematic moment of inertia J (1) with the experimental ones extracted
from different spin assignments, the spin 17/2− → 13/2− is assigned to the lowest-lying 196.6(5)
keV transition of the 1/2−[521] band, and 15/2− → 11/2− to the 189(1) keV transition of the
7/2−[514] band, respectively. The proton N = 7 major shell is included in the calculations. The
intruder of the high−j low−Ω 1j15/2 (1/2−[770]) orbital at the high spin leads to band-crossings at
~ω ≈ 0.20 (~ω ≈ 0.25) MeV for the 7/2−[514] α = −1/2 (α = +1/2) band, and at ~ω ≈ 0.175 MeV
for the 1/2−[521] α = −1/2 band, respectively. Further investigations show that the band-crossing
frequencies are quadrupole deformation dependent.
PACS numbers: 21.10.Re, 23.20.Lv, 21.60.Cs, 27.90.+b
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I. INTRODUCTION
There is an increasing interest in the detailed spectroscopic study of the nuclei in the
transfermium mass region (Z ∼ 100) from the very beginning of this century (see reviews
refs. [1–3] and references therein). Now rich experimental spectroscopic data have been
reported in these nuclei for both of the ground and isomeric states, which provide useful
informations to test and constrain theoretical models. Among these, the highest-Z isotopes
in which the rotational bands being observed is rutherfordium [4–6]. Besides the significance
to understand the structure and reaction properties of these heavy nuclei, there is a hope
that the single-particle studies of the transfermium nuclei could lead to a more reliable
prediction of the location of the island of spherical superheavy nuclei. A particular attentions
have been paid to the odd-mass nuclei. Part of the attraction comes from the fact that
odd-mass nuclei can provide an additional fingerprint through the Nilsson configuration
assignment to the rotational band. While the rotational spectroscopic data of odd-neutron
transfermium nuclei are increasing slowly (taking refs. [4, 6–12] for example.), observations in
odd-proton transfermium nuclei are rare. Particularly, the rotational bands up to high spin
have been observed only in 251Md and 255Lr, namely the one-quasiparticle band built on the
1/2−[521] Nilsson state (configuration assigned by comparing to Hartree-Fock-Bogolyubov
(HFB) calculations) in 251Md [13] and two bands in 255Lr which were tentatively assigned
to be based on the 1/2−[521] and 7/2−[514] Nilsson states [14]. In addition, there are two
reports of the discovery of the high-K isomeric states in 255Lr in refs. [15, 16]. The proton
1/2−[521] orbital is of particular interest since it stems from the spherical 2f5/2 orbital.
The spin-orbit interaction strength of 2f5/2 - 2f7/2 partner governs the size of the possible
Z = 114 spherical shell gap. Based on the transition energies calculated with HFB, the spin
of the lowest observed transition at 195.4(3) keV of the 1/2−[521] band in 251Md is assigned
as 17/2 → 13/2. The spin assignment of the two bands based on 1/2−[521] and 7/2−[514]
states in 255Lr is still open. Further theoretical investigation would be required to address
this problem.
Systematic theoretical investigations have been performed both within the microscopic-
macroscopic models [17–25] and self-consistent approaches [26–38]. Comparing to the con-
stantly emerging theoretical investigations on the even-even nuclei, detailed studies of the
properties of odd-mass nuclei only appear occasionally. The situation is even worse for
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odd-proton nuclei on which only a few theoretical investigations [38–41] performed so far.
Ref. [39] is the first PNC-CSM study of the transfermium nuclei, in which the proton N = 7
major shell was included to discuss the single-particle and rotational properties of the odd-
neutron 253No and odd-proton 251Md nuclei. This enables to discuss the impact of the high-j
intruder proton 1j15/2 orbital on the rotational properties. The investigations lead to the
conclusion that there is a considerable effect of the proton 1j15/2(1/2
−[770]) orbital on the
rotational properties in transfermium nuclei at the high spin region. This study is one of
the only (to our best knowledge) investigation performed with including of the contributions
from the proton N = 7 major shell in this mass region so far. However, the position of the
1j15/2(1/2
−[770]) orbital is very sensitive to the quadrupole deformation [42]. Referring to
the experimental deduced deformations in the neighboring 250Fm and 252,254No nuclei [43–
46], the quadrupole deformations used in ref. [39] are ε2 = 0.30 and ε2 = 0.29 for
251Md and
253No, respectively, which are larger than the values used in almost all the other theoretical
investigations. Please see sect. III for the present deformation parameters situation in this
mass region. Now under the condition that numerous theoretical studies aimed at mod-
elling the experimental data so as to make the calculations of the heavier nuclei as reliable
as possible, especially with the new set of Nilsson parameters κ and µ obtained by fitting
the experimental band head energies in more than 30 odd−A nuclei with Z ∼ 100 within
the frame work of PNC-CSM method [23, 24], to study the rotational properties of heavier
nuclei, like 255Lr and to check the effect of the high-j orbital and its deformation dependence
are essential.
In the present work, PNC-CSM method is used to study the single-particle and rota-
tional properties of the odd-proton nucleus 255Lr. The PNC-CSM method is proposed to
treat properly the pairing correlations and blocking effects. It has been applied successfully
for describing the properties of normal deformed nuclei in A ∼ 170 mass region [47–52],
superdeformed nuclei in A ∼ 150, 190 mass region [53–59], high-K isomeric states in the
rare-earth and actinide mass region [60–66] and recently in the heaviest actinides and light
superheavy nuclei around Z ∼ 100 region [23, 24, 39, 67]. In contrast to the conventional
Bardeen-Cooper-Schrieffer (BCS) or HFB approach, the Hamiltonian is diagonalized di-
rectly in a truncated Fock space in the PNC method [68, 69]. Therefore, particle number is
conserved and Pauli blocking effects are taken into account exactly.
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II. THEORETICAL FORMALISM
The details of the PNC-CSM method can be found in refs. [47, 68, 69]. For convenience,
we give briefly the related formalism here. The cranked shell model hamiltonian of an axially
symmetric nucleus in the rotating frame is expressed as:
HCSM = H0 +HP =
∑
n
(hNil − ωjx)n +HP(0) +HP(2) , (1)
where hNil is the Nilsson Hamiltonian [70, 71], −ωjx is the Coriolis force with the cranking
frequency ω about the x axis (perpendicular to the nuclear symmetry z axis). HP is the
pairing including monopole and quadrupole pairing correlations,
HP(0) = −G0
∑
ξη
a†ξa
†
ξ
aηaη , (2)
HP(2) = −G2
∑
ξη
q2(ξ)q2(η)a
†
ξa
†
ξ
aηaη , (3)
with ξ and η being the time-reversal states of the Nilsson state ξ and η, respectively. The
quantity q2(ξ) =
√
16pi/5 〈ξ| r2Y20 |ξ〉 is the diagonal element of the stretched quadrupole
operator, and G0 and G2 are the effective strengths of monopole and quadrupole pairing
interactions, respectively.
In the PNC-CSM calculation, h0(ω) = hNil − ωjx is diagonalized firstly to obtain the
cranked Nilsson orbitals (see Figure 1). Then HCSM is diagonalized in a sufficiently large
Cranked Many-Particle Configuration (CMPC) space to obtain the yrast and low-lying eigen-
states. Instead of the usual single-particle level truncation in common shell-model calcula-
tions, a cranked many-particle configuration truncation (Fock space truncation) is adopted,
which is crucial to make the PNC calculations for low-lying excited states both workable
and sufficiently accurate [72] . The eigenstate of HCSM is expressed as:
|ψ〉 =
∑
i
Ci |i〉 , (4)
where |i〉 is a cranked many-particle configuration (an occupation of particles in the cranked
Nilsson orbitals) and Ci is the corresponding probability amplitude.
The angular momentum alignment 〈Jx〉 of the state |ψ〉 is given by
〈ψ| Jx |ψ〉 =
∑
i
|Ci|
2 〈i| Jx |i〉+ 2
∑
i<j
C∗i Cj 〈i| Jx |j〉 . (5)
The kinematic moment of inertia (MOI) is J (1) = 〈ψ| Jx |ψ〉 /ω, and the dynamical moment
of inertia is J (2) = d 〈ψ| Jx |ψ〉 /dω.
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III. PARAMETERS
The deformations are input parameters in the PNC-CSM calculations. Normally the
quadrupole deformation parameter ε2 is chosen to be consistent with the value deduced
by experiment. In the transfermium nuclei mass region there are only a few experimental
reports of the quadrupole deformation, namely β2 = 0.27 ± 0.02 for
254No in refs. [43, 44],
β2 = 0.28±0.02 for
250Fm in ref. [45], β2 = 0.31±0.02 for
252No and β2 = 0.32±0.02 for
254No
in ref. [46]. They are not consistent. The values predicted by different theoretical models are
various too (taking refs. [17, 19, 73] for example). At the present stage almost all theoretical
calculations predicted (or used) smaller quadrupole deformations when comparing with the
experimental values shown above. Since the experimental data are not enough yet, it is
still too early to answer the question that whether the deformations in theoretical studies
for transfermium nuclei are underestimated or not. In the present work, ε2 = 0.27 and
ε4 = 0.02 are accepted by changing the values smoothly along the N = 152 isotone in Table
II of ref. [24]. It has been noted that β6 deformation can be significant [22, 74] and can have
a measurable effect on the structure of the nuclei in this mass region [21, 67]. We include
ε6 = 0.02 in the present calculations, which is closed to the value in configuration-constrained
potential-energy-surface (PES) calculation in ref. [22].
The new set of Nilsson parameters (κ, µ), which optimized to reproduce the experimental
level schemes for the transfermium nuclei in refs. [23, 24] are used in this work. The values
of proton κ5, µ5 are modified slightly to reproduce the correct single-particle level sequence
when ε6 is included. In addition to the optimized (κ, µ) in refs. [23, 24], proton κ7 = 0.057
and µ7 = 0.654 are adopted in this work.
The effective pairing strengths G0 and G2 can be determined by the odd-even differences
in nuclear binding energies. They are connected with the dimension of the truncated CMPC
space. The CMPC space for 255Lr is constructed in the proton N = 4, 5, 6, 7 shells and
the neutron N = 6, 7 shells. The dimensions of the CMPC space for 255Lr are about 1000
for both of protons and neutrons. The corresponding effective monopole and quadrupole
pairing strengths are G0p = 0.25 MeV, G2p = 0.01 MeV, G0n = 0.25 MeV, and G2n = 0.02
MeV [24]. As we are only interested in the yrast and low-lying excited states, the number of
the important CMPC’s involved (weight > 1%) is not very large (usually < 20) and almost
all the CMPC’s with weight > 0.1% are included in.
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IV. RESULTS AND DISCUSSIONS
Figure1 shows the proton cranked Nilsson levels near the Fermi surface of 255Lr. The
signature α = +1/2 (α = −1/2) is denoted by solid (dash) lines. The positive (negative)
parity is denoted by blue (red) lines. The high-j orbitals 1/2−[770] and 3/2−[761] are denoted
by black lines. It is seen that the high-j orbital 1j15/2(1/2
−[770]) slopes down sharply with
increasing rotational frequency ~ω and the α = −1/2 one crosses with 1/2−[521] α = −1/2
orbital at ~ω ≈ 0.20 MeV.
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FIG. 1. (Color online) Proton cranked Nilsson levels near the Fermi surface of 255Lr. The signature
α = +1/2 (α = −1/2) is denoted by solid (dash) lines. The positive (negative) parity is denoted
by blue (red) lines. The high-j orbitals 1/2−[770] and 3/2−[761] are denoted by black lines. The
deformation parameters are ε2 = 0.27, ε4 = 0.02 and ε6 = 0.02.
The ground state and the first exited state of 255Lr have been determined through α decay
properties to be 1/2−[521] and 7/2−[514], respectively [75]. The properties of 1/2−[521]
orbital were discussed by Ahmad et al. [76] where the decoupling parameter was stated to
be closed to 1. For such a decoupling parameter of the K = 1/2 band, the nonyrast sequence
is almost degenerate with the yrast sequence as shown in the 251Md [13]. This leads to the
decay proceed mainly through E2 transitions in the α = +1/2 band. The decay patterns in
255Lr are expected to be similar to that in 251Md. The sequence of γ rays [196.6(5), 247.2(5),
296.2(5), 342.9(5), 387(1) and 430(1) keV] observed by Ketelhut et al. [14] was assigned to
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be a rotational band based on the 1/2−[521] state in 255Lr. There is no spin assignment
for these transitions. Note that the spin of the lowest-lying 195.4(3) keV transition of the
1/2−[521] band in 251Md is tentatively assigned to be 17/2− → 13/2− (Figure 2 in ref. [13]).
Another sequence of transitions with energies 189(1), 239(1), 288.4(5), 338(1), 384(1) and
215(1), 264.6(5), 314.0(5), 360(1) keV was observed at the mean time, which is tentatively
assigned to be E2 transitions in both signatures of a strongly-coupled rotational band based
on the 7/2−[514] configuration in 255Lr. The spin assignment is absent too.
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FIG. 2. Theoretical and experimental dynamic moment of inertia J (2) versus rotational frequency
of the Kpi = 7/2− (α = ±1/2) (a) and the Kpi = 1/2− (α = +1/2) (b) bands in 255Lr. Solid (open)
circles denote the observed experimental α = +1/2 (α = −1/2) bands. Solid (dash) lines denote
the calculated α = +1/2 (α = −1/2) bands. The experimental data are taken from ref. [14].
The comparison of the theoretical J (2) with the extracted experimental values for
1/2−[521] and 7/2−[514] configuration bands is plotted in Figure 2. Note that the ex-
tracted dynamical moment of inertia J (2) = 2∆I/[Eγ(I)− Eγ(I − 2)] is spin independent.
For the sake of consistency, both signatures α = ±1/2 are plotted for the 7/2−[514] band in
Figure 2(a), which according to the two sequences of γ rays observed in experiment. The
signature (α = I mod 2) assignment comes from the following spin assignment discussions
(see Figure 3). For 1/2−[521], only α = +1/2 signature-partner band is shown in Figure 2(b)
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since the E(2) transitions observed in experiment was assigned as α = +1/2 band [14]. A
fairly good agreement between the theoretical results and the experimental data achieves
during the whole observed rotational frequency for 1/2−[521] (α = +1/2) and 7/2−[514]
(α = ±1/2) bands. When it goes beyond the observed frequency region at ~ω > 0.20 MeV
for Kpi = 7/2− band, a signature splitting appears in the calculation. Further investigations
of the occupation probabilities nµ of each proton single-particle orbitals near the Fermi
surface of 255Lr (see Figure 4) show that for the α = +1/2 partner band, the blocking of the
7/2−[514] α = +1/2 orbital (nµ ≈ 1) keeps to ~ω ≈ 0.275 MeV whereas for the α = −1/2
partner band, a band-crossing occurs at ~ω ≈ 0.20 MeV. This results in the signature split-
ting at ~ω > 0.20 MeV, which will be discussed in detail in the following study of kinematic
moment of inertia J (1).
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FIG. 3. (Color online) Theoretical and experimental kinematic moment of inertia J (1) versus
rotational frequency of the Kpi = 7/2− (a) and Kpi = 1/2− (b) bands in 255Lr. (a) The dark
green up-triangles, black circles and dark blue down-triangles denote the experimental J (1) ex-
tracted by assigning the lowest-lying 189(1) keV transition as 11/2− → 7/2− , 15/2− → 11/2− and
19/2− → 15/2−, respectively. And (b) denote the experimental J (1) by assigning the lowest-lying
196.6(5) keV transition as 13/2− → 9/2−, 17/2− → 13/2− and 21/2− → 17/2−, respectively. The
experimental data are taken from ref. [14].
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Under the condition that the PNC-CSM calculations reproduce the experimental J (2)
well, we further determine the band head spin Ipi0 by J
(1) as shown in Figure 3. The dark
green up-triangles, black circles and dark blue down-triangles denote the experimental J (1)
of Kpi = 7/2− band extracted by assigning the observed lowest-lying 189(1) keV transition
as 11/2− → 7/2− , 15/2− → 11/2− and 19/2− → 15/2−, respectively. The PNC-CSM
calculation agrees well with the 15/2− → 11/2− assignment [see Figure 3(a)]. As for Kpi =
1/2− band, same symbols are used to denote the J (1) by assigning the lowest-lying 196.6(5)
keV transition as 13/2− → 9/2−, 17/2− → 13/2− and 21/2− → 17/2−, respectively. The
calculation agrees with the assignment of 17/2− → 13/2− [see Figure 3(b)]. Note that
the spin of the lowest observed 195.4(3) keV transition of the 1/2−[521] band in 251Md is
assigned as 17/2→ 13/2 by the transition energies calculations with HFB [13]. The following
discussions are all based on the spin assignments of Ipi0 = 11/2
− for Kpi = 7/2− band and
Ipi0 = 13/2
− for Kpi = 1/2− band, respectively.
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FIG. 4. (Color online) Occupation probability nµ of each cranked proton orbital µ (including both
α = ±1/2) near the Fermi surface of 255Lr for the Kpi = 7/2− band with α = +1/2 (a) and
α = −1/2 (b). Fully occupied (nµ ≈ 2) and empty (nµ ≈ 0) orbitals denoted by black thin lines
are not labelled.
255Lr is the heaviest odd-Z nucleus in which the rotational bands have been observed
in experiment so far. The lowest single-particle orbital of N = 7 major shell is 1/2−[770],
which locates at about 0.25~ω0 above the Fermi surface of
255Lr (at ~ω = 0.0 MeV with
ε2 = 0.27) (see Figure 1). It is far away from the Fermi surface of
255Lr, which could be a
major reason that the effect of the proton N = 7 major shell on the rotational properties
of the transfermium nuclei is neglected by most of the theoretical studies. Consuming of
the computer time could be another reason. However, as rotational frequency increasing,
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the 1/2−[770] orbital slopes down quickly and gets close to the Fermi surface at ~ω ≈ 0.20
MeV (see Figure 1). In the PNC-CSM calculations, the cranked many-particle configuration
spaces are adopted. The truncated configurations are adjusted according to the variation
of the single particle levels with rotational frequency. This enables one to study the effect
of the high−j intruder orbitals varying with rotational frequency even though these high-j
orbitals are absent at the low rotational frequency [47].
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FIG. 5. Kinematic moment of inertia J (1) versus rotational frequency of the Kpi = 7/2− (a) and
Kpi = 1/2− (b) bands calculated without the proton N = 7 major shell. Solid (dash) lines denote
the theoretical J (1) of α = +1/2 (α = −1/2) band. The solid (open) circles denote the experimental
J (1) of α = +1/2 (α = −1/2) band with the assigned spin Ipi0 = 11/2
− for Kpi = 7/2− band and
Ipi0 = 13/2
− for Kpi = 1/2− band, respectively.
As shown in Figure 3, the signature splitting of J (1) of Kpi = 7/2− band is unambiguous.
A sharp up-bending occurs at ~ω ≈ 0.20 MeV for the α = −1/2 band while it delays to
~ω ≈ 0.25 MeV for the α = +1/2 band. The intruder of the 1/2−[770] orbital at high
rotational frequency changes the occupation probabilities. For the α = +1/2 band, the pure
blocking (nµ ≈ 1) of 7/2
−[514] orbital is persisted up to ~ω ≈ 0.25 MeV [see Figure 4(a)]
whereas the band-crossing between the one-quasiparticle band 7/2−[514] and the three-
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quasiparticle band 7/2−[514] ⊗ 1/2−[521] ⊗ 1/2−[770] occurs at ~ω > 0.20 MeV for the
α = −1/2 band [see Figure 4(b)] . The band-crossing frequency difference (~ω ≈ 0.20 MeV
for α = −1/2 and ~ω ≈ 0.25MeV for α = +1/2 band) is due to the signature splitting of the
1/2−[770] orbital (see Figure 1). As the high−j low−Ω orbitals are characterized by their
large contributions to alignment and Coriolis responses, increasing occupation probability of
the 1/2−[770] orbital leads to the sudden up-bending of the J (1). For comparison, calculated
J (1) for Kpi = 7/2− band without including the proton N = 7 major shell are plotted
in Figure 5(a) where both the up-bendings and the signature splitting at high rotational
frequency are disappeared.
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FIG. 6. (Color online) Same as Figure 4, but for Kpi = 1/2− band.
As for Kpi = 1/2− band, due to the decoupling term, the α = −1/2 signature band
is pushed up in energy and only one signature-partner (α = +1/2) band is observed in
experiment. As is shown in Figure 3(b), α = −1/2 signature band is obtained in theoretical
calculations as well as its signature-partner α = +1/2 band. The behaviors of α = ±1/2
bands are very different, which is due to the signature splitting of both of 1/2−[770] and
1/2−[521] orbitals (see Figure 1). The sudden upbending of J (1) of α = −1/2 band at
~ω ≈ 0.175 MeV is mainly due to the alignment contributions from the 1/2−[770] pairs.
To analyze further by the occupation probability (see Figure 6), the blocking of 1/2−[521]
keeps pure (nµ ≈ 1) at the whole calculated rotational frequency region for α = +1/2
band whereas band-crossings occur at ~ω > 0.175 MeV for the α = −1/2 band. As the
rotational frequency increasing, resulted from the interplay between the 1/2−[521], 7/2−[514]
and 1/2−[770] orbitals, occupation of the 1/2−[770] is not stable. It decreases from nµ ≈ 1
at ~ω ≈ 0.175 MeV to nµ ≈ 0 at ~ω ≈ 0.225-0.25 MeV, and increases again to nµ ≈ 1 at
~ω > 0.275 MeV. The irregular behaviors of J (1) for α = −1/2 band at ~ω > 0.175 MeV
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result mainly from the effect of the 1/2−[770] orbital. As the proton N = 7 major shell does
not included, the J (1) goes smoothly with increasing rotational frequency [see Figure 5(b)].
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FIG. 7. (Color online) Band-crossing frequency ~ω versus quadrupole deformation ε2 of the Kpi =
7/2− (a) and Kpi = 1/2− (b) bands. The blue stars (black circles) denote the α = −1/2 (α = +1/2)
band.
As the above discussions show that the 1/2−[770] orbital could effect the high spin ro-
tational properties a lot. Its position is crucial. The position of the 1/2−[770] orbital is
very sensitive to the deformation. The Woods-Saxon potential calculations by Chasman
et al. display that the 1/2−[770] orbital slopes down quickly with increasing quadrupole
deformation (see Figure 4 in ref. [42]). The band-crossing frequencies versus quadrupole
deformation by PNC-CSM are plotted in Figure 7. This provides us the informations that
which frequency region in 255Lr could be effected by the 1/2−[770] orbital under different
quadrupole deformations. As the band-crossing frequencies of α = +1/2 (black solid circles)
and α = −1/2 (blue stars) bands are different, the signature splittings are explicit for both
of Kpi = 7/2− and Kpi = 1/2− bands. Because the 1/2−[770] α = −1/2 orbital goes down
faster than its α = +1/2 partner orbital (see Figure 1), all the band-crossing frequencies
for the α = −1/2 bands are lower than that for its α = +1/2 partner bands. The general
trend shown in Figure 7 is a larger deformation leads to a lower band-crossing frequency.
12
The Kpi = 1/2−(α = −1/2) band is the most sensitive one to the variation of the defor-
mations. The band-crossing frequency is ~ω ≈ 0.225 MeV at ε2 = 0.26, and decreases to
~ω ≈ 0.175 MeV at ε2 = 0.27, further to ~ω ≈ 0.150 MeV at ε2 = 0.28, 0.29. For K
pi = 7/2−
(α = −1/2) band, except for ε2 = 0.29 (the band-crossing frequency is ~ω ≈ 0.175 MeV),
the band-crossing frequencies keep constant at ~ω ≈ 0.20 as varying the deformation from
ε2 = 0.26 to ε2 = 0.28. As the effective frequency regions of 1/2
−[770] orbital are all beyond
the nowadays experimentally observed frequency region, whether the 1/2−[770] orbital plays
an important role in transfermium nuclei needs further tests by future experiments.
V. SUMMARY
Experimentally observed ground state band based on the 1/2−[521] Nilsson state and
the first exited band based on the 7/2−[514] Nilsson state in the odd-Z nucleus 255Lr are
studied by the cranked shell model with the paring correlations treated by the particle-
number-conserving method. To our best knowledges, this is the first time the detailed
investigations are performed on these rotational bands. Both the experimental kinematic
and dynamic moments of inertia versus rotational frequency are reproduced quite well by the
PNC-CSM calculations. The spin of the lowest-lying 196.6(5) keV transition of the 1/2−[521]
band does not assigned experimentally, neither does the spin of the lowest-lying 189(1)
keV transition of the 7/2−[514] band. By comparing the theoretical kinematic moments
of inertia with the experimental ones extracted from different spin assignments, the spin
17/2− → 13/2− is assigned to the lowest-lying 196.6(5) keV transition of the 1/2−[521]
band, and 15/2− → 11/2− to the 189(1) keV transition of the 7/2−[514] band, respectively.
The proton N = 7 major shell is included in the present calculations. Theoretical results
predict a considerable effect of the high-j low-Ω 1j15/2 (1/2
−[770]) orbital on the high spin
behavior of these rotational bands. Due to the contributions from the 1j15/2 (1/2
−[770]) or-
bital, theoretical calculations predict band-crossings at ~ω ≈ 0.20 (~ω ≈ 0.25) MeV for the
7/2−[514] α = −1/2 (α = +1/2) band and at ~ω ≈ 0.175 MeV for the 1/2−[521] α = −1/2
band, respectively. Since the position of 1/2−[770] orbital is very sensitive to the defor-
mation, these band-crossing frequencies are deformation dependent. A larger quadrupole
deformation results in a lower band-crossing frequency. Because the 1/2−[770] α = −1/2 or-
bital goes down faster than its α = +1/2 partner orbital, the band-crossing frequency versus
13
quadrupole deformation is lower for the α = −1/2 bands than that for its α = +1/2 partner
bands. Varying the deformation from ε2 = 0.26 to ε2 = 0.29, the lowest band-crossing fre-
quency is at ~ω = 0.175 MeV for the 7/2−[514] α = −1/2 band, and at ~ω = 0.15 MeV for
the 1/2−[521] α = −1/2 band, respectively. Since lack of enough experimental data for the
odd-Z transfermium nuclei, whether the 1j15/2 1/2
−[770] orbital plays an important role in
the rotational properties of transfermium nuclei needs further tests by future experiments.
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